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PROCEDE BT INSTALLATION DE FORAGE ET DE CHEMISAGE DMJN 
PUTTS, NOTAMMENT DUN PUTTS DE FORAGE PETROLIER, AU 
MOYEN DE TRONCONS TUBULAIRES ABOUT ES INITIALEMENT 
SOUPLES, ET DURCIS IN SITU 

La present* invention ccocerae un proceed pour fom ct chamber un puits, 
notamment an puits de forage ptooUcr. an moyca d\m assemble de tronooos tubulaircs 

- ou prtfonnes - liinilsires, inttalemeat soupks. spies a Hrt replied lon gjt ndinrir mm t 

Peffel d'uoe presttoa interne pour prendre une forme cylindrique, et enfin k &re 
rigufifiees uuiSk P* polymerisation de leur paroi, rencombrement transversal d'unc 
preTorme repUee {cant de dimension maximal* sensiblement infeneure 1 ton diwnetre 
interne a Pftat deplie\ et lesdites preTonnes posseldant une portion d'extremiti dont le 
diamette - aprts deplicment - est legerement supencur a celui de la preTorme, ce qui 
pennet leur joaction boot-a-bout par embottement, avee itcouvrement de ladite portion 
d*extremite\ 

Ainsi, en recourant a ce type de preTorme. qui est connue en soi 

- Dotamment par le document WOA-94/21887 - il est possible d'obtenir un chemisage 
d'un diametre axistaflt sur toute U longueur du puits. 

A cet tgard. U convtent de rappeler qu'avec des cbemisages (ou tubages) 
tradttionnels eonstitues par des tubes en acier. on est oolite* d'utiliser des troncons 
tubulaires ielcacopiqucs 9 idiai»etred 
des problemcs d'installstion et d^oitauon ulteneure du puts. 

L'objectif de rinvenuoo est de proposer un proclde de forage et de 
chemisage du puits, i I'side de preTonnes du type mention^ ci-deesus, qui puisse Strc 
mis en oeuvre de maniere simple et rapide, i faible ooflt 

Ptour ceto, et confonnimeot a Invention, on commence par mctxre en 
pls^unpnroertitsxoa^ucote 
tronoondtsnttourneevenkbas. 

Le proc6d6 adon 1 'invention comprend ks etapes sui vatites : 

a) on fait passer axialement, de haut en bas, a traven ledit troncon. un 
oirtil de fora^. et on fore au^kssous et daw 

forme et de prof ondeur adaptees pour recevoi r le troncon sui van t ; 

b) on redreroutil de forage ; 

c) on mtroduit une preTonne. a Vim reptie*. a rinteneur du puits en la 
fsisant traverser le troocon deja en place, et on U positionne convenablctnent a rinteneur 
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du trou, a portion d'extremitc* haute veiunt sc placer a 1' interieur dc U portion d'ex- 
trcuitJ elargie du troopou ; 

d) on inlroduil un cimcnl fluidc au fond du trou, autour de U portion 

d'extremit* basse dc U preTonne ; 
5 e) on introdmt un fluidc sous prcssion. de density supeneure 4 la density 

du dmenu a P intcn w de U preToi^ 

pas en nam. en rtfouUnt le cimcnt. element debascn haul autour de U preTorme, 

conor la paioi du trau ; 

0 tout en nuinunant la preTorme sous pwsrioo inie^ 
10 paroipourlapolymenscr; 

g) le dment ayant pris. et la preTonne ayant durri pour constimer un 

Uoiic^tubuiairerigk^ 

gonflage el a U polymeiissiion de U pr^^ 

h) on reitere 1'openUion pour les tronfoos suivants, jusou'* obtenir la 

15 longueur de puits chemise* souhaitcc 

Lorsque, comme cela seta explique* plus loin, U preTorme presente da 
reserves de rcsine specs a inigrer vers rexterieur pour former des vermis nnnulaires 
d'Aaacfaeit*. le poriuonnement dc ces venous est realise* so dfixit de reape f ri-acssux. 

De maniere particuliercmcnt avantageuse, on utilise un outil de forage dn 
20 genie trejan, apte a occ*^ select 

premier e^at d'eocombrement mininud. lui pennettant dc passer a rinteneur du troncon 
deja en place, un second flat, d'eeexmbrement interm^ 

isincipaledutrouetuntfoitto d'eiicombranent maximsJ, pour le forage de la 
panic du trou destinee a iccevoir la portion dargic de la prtTorme. 
25 DaniunriK)decJ«resJbationpr^ 

a la polymerisation de la preTorme, sinsiqu'i la distribution du ciroent, comprend unc ifce 
ao^e valve placee en partie basse de 

nincfedegoiuTassiariiiler^ 

^installation de forage et de chemisage, qui fait egalement pattie de b 
30 presente invention, servant a la mise en ocuvre de cc proceVJe, est remarquable par le fait 
qu'elle comprend; en tele de pints : 

- unc bobioe de stodcage et de reception, a Vital cnroule\ de ladite 

- unc Ute surplombent l'entree du puits. apte a pennettre le guidagc et 

35 I'uitnxiuctio^ 

duputsainsi qu'au gonflage et a U polymerisation de la preTorme ; 
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- de* bobines dc ifocksge a r«al enrouie* de iub« mtolUqiw flastiquc- 
mt&l deTonnables aptes I fair* descend* et remooter lesdits ooDlla$es dans le puits, Vun 
de cbs lubes conteoant ua dWe servant a ralimcntation de la prtfonne en courant 
eTecmque; 

• un geoerateur de coureot elcctrique. 

D'autres caiactenstiques el a vantages de 1 'invention apparaltront de la 
description et des dessos annexe* qui en repreaenient, a aimple titre d'excmples non 
timitatiff ua mode dc mile en ocuvre prcTere\ ainsi que 1 'installation concepoodante. 

Surccs detains: 

- [et figures I a4ic<rtdttvuei schematic momrsnt 
lea differentes (Stapes de ! 'operation de forage de la psxtie de puts qui doit recevoir la 
preTonnc ; 

• la figure 5 est unc vue sctematiquc d'une pceionnc et de I'outillage dont 
die est soudaire, avant suss en place, dans le putts ; 

- les figures 6 at 7 sort des vues partieUes de rcxtremite* basse de la 
prtfonne, destinees a Ulustrer le prinripe de la double valve dont est pourvue U Ute 
d'outUtage; 

• les figures 8 s 15 iUustr^ 

pftfocmcaubc^d'untrxjoood^iaropUKe ; 

- Is figure 16 rtprfsente schtoauquement. en coupe axiale, tto paits 
chemist^ mas troocou 

- Is figure 17 eat une vue achematique montrant les diffecenu materiel* 

constitutors de I'ittstallalkxi, situes en surface (tte de puits) ; 

. leg figures 18130- a cchclte plus petite - illustrent le fooctiooaement de 
Tuistsllslkm su cours diflenna^ 

La figure 1 reprfsente reatrfmitf basse d'un puits vertical en cours dc 
fc«sgeetdechcsnissge.Cepui^ 

place sous forme d'un tube cyiindrique rigkJe 2 presentant une portion d'extremite* basse 
20dargie. 

UdiametreD<kcettepartic20estl6ger«n^ 
d de la psxtie prinri pale 2, si bien qu'U est possible d'embotter les uns dans les autrea des 
troncons 2, avec recouvrcsnent des parties d'extremite* 20. 

Letroncondecheinisage2cstscdled 

que 200. 

Nous allons maintenant decrire de quelle maniere vafctre mis en place,! 
Taide du proofide* de rurventton, le troocon sutvant, destine a ttreabout^ au troocoo 2. 
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Pour cell, comme illustre* aux figures 1 a 4, oo commence par forer un 
urou destine a recevoirce troncon. 

A cet efTei on utilise tin outil de forage 1, du genre trypan, qui a la 
particularity de pouvoir etre r^tracU on dilate* rarfialcmeat, dans trob tuts d'encora- 
5 brcfneol dif f 6reat&. 

Dans un premier tot. illustrf a la figure 1. 1'outil est rttracaf au maximum 
de idle maniere que am plus grande dimension trans versale autorise son libre passage a 
riatfrieur du troncon Z axjalement a traven ceJui-cL 

Dens cet tot, sooenoombrtmcal est dene plus petit que d. 
10 De mamfcre coonue, l'ouul de focage 1 est fix* a Kextremi U d'uae ttge 

mbdaiit 10. qui parte le nKXeur d'cntratoement (nonrepreaeotO de Pouti! en rotation, et 
lescrganeaassurantsonde^oto 

Comme on le verra plus loin. U dge 10 est montee a rextremit* d'un tube 
mAallique apte a toe enroule* sur un tambour rtcepteur dispel cn surface, ent&e de 
15 puits. 

Dans un second d^ploiemcnt radial, illustrf a ta figure 2, Upartic 
coapante 12 de I 'outil possede un diametre de travail sensibtemcnt egal a D. 

L'outit ayant €U descendu axial e mcnt dans le puits, a Havers le tubege 2 
deja en place, oo pcovoque ce deploiement radial au diametre D looqu tl est arrive a 
20 Pintfrieur deU portion elargie 2a Cto 

vantsaitescenteccfflmeu^u^parUnocaePt alafigure 1. 

On realise atesi le forage d'un trou cytiodrique an diametre D, coaxial au 
trorjccc2,dansle prolongementde^id^cansleaol S. 

La profoodeur de forage correspond a la longueur du troncon que Pen 

23 scuhaite fissure cn place. 

L'ouul I possede des organcs de coupe addiuoonels 11 qui peuvent etre 
deptoye* radialemcnt a un diametre supeneur a D. afin de pouvoir recevoir la portion 
elargfe troncon It meant no place. 

Comme iUustre a ta figure 3, par reraorite* de Pouiil scion F a , on realise 
30 aimi unwary nrmentdu trou 3 surune ceraine hauteur. 

A U Hgure 4 on a designe par U itTeYe^ 
du trou 3, par la leTe^rence 3 1 la paroi de sa portion elarglc et par la reference 32 la portion 
basse dutrou. dont le diametre DestIenrfmeq^cduideUpartie30. 
La preTorme 4 representee scrrfmatiqucinen^ 
35 general que cdle decrite en detail dans le WO-A-94/21887 deja ate\ 
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N6uitnoins, die est depourvue dans si parte base d'un orgaoe obturaxeur 
gonfiablc du fait cu'en a eflaire auntrou borgne ;deplus,la prtfonne 4 posscde une 
portion d'extrtmitf basse 40 de section €Urgtc 

Upftfonne4est supportfe par une tige tabulaire Sen acier. enroulable 
S stir un umbour de dockage situ* en surface, et qui pennet de la fake descendre a 
Tintdrieur du puits, et de tui fournir les fluides de timenuUiou et de gonflage. aiasi que 
I Anergic iiecxhque pour la pdyinensarion de la preTorme, par I'iiUcnneViiairc d'un 
dis|K»tif de imomxtoe^ 
Upctforaeetteraccocd^ 
10 Cetypcde tige d'scterenronlabie est coaiWMr^6&igD£c<tvalcTB6i* 

par le tense anglais "COILED TUBINO" - en abrtg* "Cr 

Commc cda est Merit dsns le WO-A-94/2 1 887 deja dtc, la prtf orme est 
obcurtc a see extremities haute et basse, de maniere etanche, par des m a nch on* anaduv 
Dies et/ou decoupabtea en fin d'opemikxL 
15 La fete distributrice 51 possede une double valve 52, 53. actionnabte 

sdecuvement (depuis la surface)* 

Commc illustt* aux figures 6 et 7, la valve 52 pennet de distribuer un 
fluidedegoanatearintfriw 

distribuer uncirocnt HukfcaU b^dcUpf^ormc, SrextenoirOcocUc^i ((leches J). 
20 Comme Must* a la figure 8, la prtforme 4 - qui se trouve initialement a 

l*euu radiatement tcfkx6 * est desoenduc dans le trou 3 axialement, du bant veta le bat, a 
ttavmktroncoadechemisage2a^ 

Bienenumdu, pour que cedsoUpo» 
biementtransvenuadeUpitfoim^ 
25 depiiee,quiconts|>oiHla 

Lonque la pref onne est reptiee sur eOe-mtae, eUe presense une section en 
U \T ou en forme d'escargot - comae Mustre par example aux figures 6A et 6B. 
leapecnvement du document WO-A-94/256S5 ; lorsqu'dle est depliee eUe presente une 
section drcubdre, 
30 Uprtfonne4estpodtioiu^daitsleu^ 

d'extxemite' plus large 40 se trouve en regard de Pdargisscmentde puits 31 ; la longueur 
du trou 3 est d&enninfe pour que. dans cette position, la portion supeneure de la 
prtfocn^se trouve en regards 

On procede aloes a rinjection d'une dose de dmemlioiiide6ala base deb 
35 prtf ortne, via la valve S3 (fttcnea J, figure 9). 

Le cunent est cboisi pour avdr une densiuS votsine - voire legferement 
superieure - dc cdk dc U boue liquide 7 sc trouvant dans le puits. 
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L'anivcc de ciment a la base de la preTonne diasse done cettc bouc verale 

hauL 

Corome illustrc* a ia figure 10, on precede ensuite au gonflage dc la 
prtfonnc. en injectant un fluidc sous pressioo a rint&ieur de cclle-ci. via la valve 52 
5 (niches I). 

H i 'apt soil d'un iiquide introduit dc I'cxt&itur (dcpuii la tete de puits) 
par k conduit 5 dans la prfforme, soil d'un Iiquide (eau, booe oo p&role) present dans le 
puits et pomp* dans la prtfocme, 

Le Iiquide de gonflage est avantftgeusement choia pour avoir unc dtnsi te* 
10 legeren*msuj>erieurcac^^ 

gonflage va ae faire piogreasivement du bas vera le haut. comme symbolic par lea 
Heches Gala figure ia 

A deTaut, la progression du gonflage du bas vers 1c haut peut&re controlee 
en prevoyant. le long de Ia preTonne. une sene de bagucs de contention frangible*, dont 
15 le seuil de nipmre est adapt/ a oc sens de progression 

Le ciment est par consequent rcfoule cgaleraeni de bas en haut contre La 
paioidupuiti f cofnmc symbolise que la bouc 7 se trouve chassee 

vmk haut 

De prff crence le volume de ciment penphenque n'est pas suflisani pour 
20 atteindreUpartie haute de la |^ liaison saiis ciment dans 

U a«e de jonctioo entre les paticw 

I>pf*Tenmce,UpreTorme4p 
chaud, prise en sandwich entre une peau ioteneure et une peau cxteneure cTastiques. et 
25 munic, cotf inleneur, d'une rtserve contenaot dc !a reanc aptc a migrer vers i'cxteneur 
pour former des bounetos annulaires favorisant TanaagB et 1 'etancWitf du tubage contre 
la paroi du puits. 

Une pieTcnne de ce genre est decrite dans la demande de brevet francau 
04 06691 depoaoc le 7 juillti 1994 par la demanderesse, et dans son extension interna' 

30 tionalePCT/FR 95/00902. 

Cea venous annulaires, repaitU lout le long de la preTonne sent reTerenoes 
9 ; de preTerence il est prfvu une density plus gnwde de venous (e'est-a-dire un 
ecarteinentplusraibteeii^ 

maniere a assurer une bonne eTancWit* dans la liaison bout-a-bout des different* 
35 tzoneons. 

Le chautfage et la polymerisation de la preTonne sont realists une fois le 
gonnage tenninc\ UpresslondegonfUgee^ant maintenue kV iitfeneurde la preTonne. 
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A titre iodicalif, U prcssjoc interne est de Pordre de 15 bars. 

Le cbauflage de U preTorme pcut K faire soil en introduisant un fluide 
chaud a I'mterieur de la preTorme, aoit par reaction chimiqoe exotbermique, soil encore - 
de pitTerence - par elTct Joule, au moyen de resistances *lectriques (fill chauffants) 
5 disrwsecsdajislar^delar^cm^ 

aedrique depuis la Hie de puito, via la ttge - •tailed Tubing* -5. 

A tint io£caiif,U temperature n&x»re a U polym^hsatioft ^ dc Tordrr 
cteliOaI40X,ctUdureedcce«tee^est^^ 

Lorsque la polymerisation dca verrcas 9 et de la paroi de preTorme est 
10 tennii^,f«queledmf«6mf«taptiac(firi« 12), eo retire PoutiUage 500. SO, 51 

(fiecbeK, figure 13). 

On installe alori un outil de coupe (501) a Pextremitc* du cube 5, et on 
decoupe le manchoo d'ttartcheltf de Textrfmitf haute de la preTorme (polymerisee) 4' 
(figure 14), qu'on anacbe ensuitc. On opere de la mcme manietc pour le mancbon 
15 infeneur. 

OnobtientatorsuntnaTcmdecn^^ 
ment letubage precedent 2 (voir figure 15). 

(/operation qui vient d'etre defence est bien sGr tfiteree\ troacon aprta 
tfoncpn, afiri d'obruir ta profondeur de puits cfccmisl sooriaitce. 
20 Daw un mode de realisatk» possible de la prifonne, celle-ci a une tee 

cotaposee a 30% de refine epoxy el a 70* de fibres de verrc, cette tme ayant une 
epeisseur de Pccdre de 14mm ; lea peaux inteneure et exterieure, eo caoulchbuc 
«yntiirtque,ont itipecdvemtt 

A titre tndicatif , la portion principale de la preTorme 4 possede, a Pdtai 
25 depW.undiamelreuitcTiw 

184mm, tandis que la portion dargie 40 possede un diametre interieur de Pordre de 
188am et un diametre exteneur de Ponfre de 236mm. 

Us prions 30-32 et 31 du puits out dea mametreemcyensderordrede 

197mm et de 244,5mm, respeeti vement 
30 uiiongwdcsdifreraUstroncwtt 

simple titre indicanT, la longueur d'une prtforme pcut toe de Pordre de 500m. 

La figure 16 represente un puits F chemise par un ensemble de trois 
troncons 2A. 2B et 2C aboutes et cimeates. 

U figure 17 represente sche^r^querneat une installation de tete de puiti 
35 qmpermetdeincttreeflcc^ 

Surcetie figure, la tete de puits. reTerencee 55. est equipee d'une structure 
m^taliique (chassis) 100 entDurant la tete de puits. 
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Ccoe structure 100 pone ua iojectcur 101 pourw d'un sabot d'appui 102, 
et servant a supporter et a pousser lo different* materiels lorsqu'iU sout descendus dans 
le putts ou retires de cdui-d ; die se trouvc a V aplomb de I'entree du puits. 

On a design* par la inference 54 on tambour de stockagc sur lequd est 
enroulec to preTorac ; eDeest supporlee par un wagooneL 

La reference 540 dengue un sabot de support et de guidage de la pfieTonne 

arentreedopuits. 

Lea leTciencea 56 et 57 designect dea tamboun sw lesqueU som emou^ 
et stock* respectivemeot lei tubes "CT." (Coiled Tubing) 560 etS 

Le tube 560 sert a supporter ctideplacer Toutil de forage ; le tube 5 
(comma deja<fit) sm a supporter la prtforme, a amencr lea flutdes de gonflagc et de 
ciinettfatk» 4 U preTora^rt 
polyiaensaJion). 

L'electndtt est fouroie par un generaieur dectrique 58. 

La reference 59 dengue une cabine de controle de I 'operation. 

De maxuerc elassique, l>ntree du puits a forer est mitiaJement ganrin d'un 

cuvdage 550. 

Le trepan 1 est adapt* a l-extremite* du tube 560, lequei est detoule du 
uunbourt*cej*ein-56,su^^ 
(voir figure 18). 

On precede alors au forage du trou. de rorme Aag^ 3, destined iwxvcir 
le premier tronoon (figure 19). 

Apres mile en place de la prcTorme, ciraenianon et mise au rood, et eufin 
pot yroexisation in situ de ceUe-o , via un conducteur clectrique 580 rcii £ au genetateur 58, 
ooietireUcoodutice<itral(50),kto 

54 (vide) sur laqueilc entail impalement stockec la preTorroe (figure 20). 

La preTonne se trouvc aboutitie, de manifere dtancbe, au cuvetage 550. 

On deTaii ensuite les connexions bydrauliquc et eJectrique avec la 
prtforme, on installe et on scelle de maniere Aanche autour de la tete du puits un 
appaieillage de secmite ad-hoc A, ceci par une technique convcntwonelJe (figure 21). 

A Kaide de Pouul de coupe 501, porta* par le tube 5. on decoupe lea 
manchons d'etanchGte* hautetbas (figure 22). 

LVtape suivaate cooaUte k forer la section suivante, pour obtenir un trou 
ftagtf 3 proiongeant lc trcocou 2 (figure 23). 

Eaani te, on calibre lea diametres et on vcrifie Paligiiemetit du troncon 2 et 
du trou 3, a I'aide d'un uistrument approprie* 1000 (figure 24). 

On met en place une nouvdle prtforme (figure 25). 
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On la fait desoendie dans le putts, et on U positional con venablemoit dans 
letrou 3. Oo la oottnecte au tube 5, et on precede an gonflage, 1 la dmeatatkm, eta la 
polymerisation (figure 26). 

On retire le conduit centra) 50. qu'on remonte et qu'on cnroulc tur le 
tambour reccpteur 54 (figures 27 et 28). 

Oo suspend i'outil de coupe 501 au tube 5. c* on It descend pour d&mper 
lea manchons d'extrfmite* (figure 29). 

Oo obbent aiirri deux tran^on* rigides aboutes 2A, 2B (figure 30). 
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1. Proofde* pour fcrcr ct chemiser un puits, ootamme&t un puits dc forage 
pCtrolier, au moycn d'ua ensemble dc trowfocu tubulaires - on preTormcj * simiUim, 
irutialement souples, aptes a toe reptiees longitudinalemeat sur elles-mtaci pour toe 
introdaies dans le puiis, pub a etre deplieea radialcmcnt sous PciTct d'nne pression 

5 interne pour prendre uoe forme cyiindrique, ct enfin a tun rigidifiora in situ par polymeri- 
sation de lew peroi, I'encombreaent transversal d une preTorme repCiee e*tant de 
dimcmioo ouudmale icnabkmcnt inf erieure k ton (fiameCre interne a V€tMX deplitf, et 
tesdi tea preTonnes (4) posscViant one portion d'ettremile* (40) dont le diametre - epres 
deplJemcnt - est kgerement supeneer a cdiri du restc de U preTorme. ce qui permet leur 

10 jonction bout-i-bout par embottement avec recouvrcment de ladite portion d'extremite* 
(40) , caracterise' par le f ai t que, un premier trooooa (2) ayanl eTe* mis en place du coK dc 
1* entree du puita, am portion d'extremite* dargic (40) tourocc vera le baa, 

a) on fait passer axialement, dc haul en baa a Haven ledit troncon (2). un 
ounl de forage (1), et on fore au-dessous et dans le proJougeraent de ce troncon (2) on 

15 trou (3) defctfneetcte profound 

b) on retire 1'outil de fotage ( i) ; 

) c> on introdmt une pteTormc (4), k l'6at replied al'mterieur du puits en la 

faiaant traverser le troncon (2) deja en place, et on to positionne coovenablement a 
rinterieur dn trou (3), am portion d'cxtremitl haute venant se placer a rinterieur de la 
20 portion d'extremile* elargie (40) du troncon (2) ; 

d) on innodnit un ciment fluide (6) nu fond du trou (3). autour de U 
portion d^xtrenrite* basse de la preTorme ; 

e) on introduit un fluide sous pression (8), de densite* superieure a la 
densite du anient (6), k Tinteneur de la preTorme (4) afm de la deptier radialement, 

25 progreasi vement de bas en haut, en refoulant le ciment, i gaiemcot de bas en nam, autour 
de la preTorrae, centre Uparoidu trou (3); 

0 lout en maintenant la preTorme sous pression interne, on en chaufle la 
paroi pour lapolymenser ; 

g) |e ciment ayant pria, ct U preTorme ayant durci pour constituer un 
30 troncon tubulaire ri gide de cnemisage (4*) f on retire axialement lea outillagcs ayant servi 

au gonflage et a la pcrfymeriisdioii de la preTorme, ainaa qifa la distributioo du ciment ; 

h) on reitere 1' operation pour les tronoons airivants, jusqu'a obtenir la 
longueur de putts chemise* souhaitee. 

2. Proceed adon revendication 1, caracterise* par le fait qu'on utiUse un 
35 ounl de forage (1) du genre trepan, apte a cccuper selecti vement trois etatt de contraction 
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radiale, a savoir un premier 6at d'escombfcment mioimaJ, lui pennctuni de passer a 
I *inlerieur du troofon (2) deja en place, un second cut, d'eocombremcnt intennddiaire, 
pour Ic forage de la parte prioctpale (30) du trou (3) dun troisifcrae e*au, d'encombremcnt 
maximal, poor le forage dels partic (31) du Uou (3) destine* a recevoir La portion elargie 

5 deUprtfonne(4). 

3 . Procdde* aelon U revendicaiioa 1 ou 2, caractenae* par Le fait que Sedit 
outilLage ccxnprmd imc t£te (51) a double valve (52. 53) pUcec ea partic basse de la 
prtfoiroe(4).etapteadistribua-se1ccti 
prtt bane (4) ec un cunettf Ruide (7) I rext&ewdecdle-a. 

10 4 , Installation de forage e* dc cfaemiiage, dejiinee a U mbc en oeuvTe du 

proce<Je* seJon I'une des reveodicatiooi 1 a 3. caiacterisAi par Ic fait quelle cooipreod, ea 
C&edupuiU: 

- uue bobiue (54) de stockage et de reception, a I'etat emoul^ de ladiie 

prffomie(4); 

15 - une tfcte (101) surpiombant Tentree (55) du puits, apfe & permettre le 

guidage et nmroductioa dans le puits de la preYonne (4) et des different* outUlages 
servant au forage du puits ainsi qu' au gonHage et a la pdym^nsationdelapreYonne ; 

- des bobines (56, 57) de stockage a I'tet earoutt de tubes mftalliquea 
dajaquemcnt deTormabks (560, 5) aptes a f si re deseendre et resnonter leadits ontillages 

20 dan s le puits. Tun (5) de ces tubes coo tenant ua cftbte servant a ralimentarion de la 
pr^ccmeeQOOunnlfiectrique; 

- un genersteur de courant eleetriqye (59). 
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54. PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, PARTICULARLY OIL 
WELL DRILLING, BY MEANS OF INITIALLY FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND 
HARDENED IN SITU. 



57. According to the invention, the lining of the well 
is accomplished by means of several preforms (4) 
coaxially abutted, which are initially flexible and 
folded back on themselves in order to have radially 
small overall dimensions which allow them to 
descend through the section (2) already in place; 
the preforms have a widened lower end which 
allows them to be nested with overlapping of the 

preforms; a preform is sealed in a hole made in [diagram] 
advance, through the section already in place, this 
sealing process using a cement (6) which is 
inserted in the base of the preform; by the 
subsequent insertion of a fluid under pressure 
inside the preform, the cement is forced from 
bottom to top against the wall of the hole, after 
which the preform is polymerized to harden it. 
Lining for oil wells. 



[vertical text in left margin:] FR 2 741 907 - Al 
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PROCEDURE AND INSTALLATION FOR DRILLING AND LINING A WELL, 
PARTICULARLY OIL WELL DRILLING, BY MEANS OF INITIALLY 
FLEXIBLE, ABUTTED TUBULAR SECTIONS, AND HARDENED IN SITU . 

The present invention concerns a process for drilling and lining a well, 
particularly oil well drilling, by means of a set of tubular sections — or preforms — that are similar, 
initially flexible, suitable for being folded longitudinally back on themselves in order to be 
inserted into the well, then radially unfolded under the effect of an internal pressure in order to 
5 take a cylindrical shape, and finally to be hardened in situ by polymerization of their walls, the 
maximum dimension of the overall transverse dimensions of a folded preform being substantially 
less at its inside diameter when unfolded, and said preforms having an end portion the diameter of 
which— after unfolding — is slightly greater than that of the preform, which makes it possible for 
them to be joined end-to-end by nesting, with overlapping of said end portion. 
10 Thus, by using this type of preform, which is known, particularly through 

document WOA-94/21887, a lining can be obtained with constant diameter for the whole length 
of the well. 

In this regard, it should be remembered that with traditional linings (or well 
casings) composed of steel pipe, telescopic tubular sections have to be used, with diameter 
15 decreasing toward the bottom of the well, which poses problems of installation and subsequent 
operation of the well. 

The objective of the invention is to propose a process of drilling and lining the 
well, using preforms of the type mentioned above, which process can be implemented easily and 
quickly, at low cost. 

20 To accomplish this, and according to the invention, a first section is put in place 

at the well head, the enlarged end portion of this section being turned downward. 

The process according to the invention includes the following steps: 

a) a drill tool is passed axially downward through said section, and a hole is 
bored with a shape and depth suitable for receiving the next section, beneath and as an extension 

25 of this section; 

b) the drill tool is removed; 

c) a preform, in folded form, is inserted inside the well, causing it to pass through 
the section already in place, and it is suitably positioned inside the hole, its top end being placed 
inside the enlarged end of the section; 
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d) a fluid cement is introduced at the bottom of the hole, around the lower end of 

the preform; 

e) a fluid with a density greater than the density of the cement is introduced 
under pressure, inside the preform in order to open it out radially, progressively from bottom to 

5 top, by forcing the cement, also from bottom to top, around the preform, against the wall of the 
hole; 

f) while keeping the preform under internal pressure, the wall thereof is heated to 

polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
10 tubular section of lining, the tools that were used for inflation and polymerization of the preform, 

as well as the distribution of the cement, are withdrawn; 

h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 

When, as will be explained further on, the preform has resin reserves that can 
15 migrate toward the exterior to form ring-shaped seal interlocks; these interlocks are put in 
position at the beginning of step f) above. 

In one particularly advantageous way, a drill bit is used that can selectively have 
three conditions of radial contraction, the first condition being of minimal size, allowing it to pass 
through the interior of the section already in place, a second condition of intermediate size for 
20 drilling the main part of the hole, and a third condition of maximum size for drilling the part of 
the hole intended to receive the enlarged portion of the preform. 

In one preferred embodiment, the tool used to inflate and polymerize the 
preform, as well as to distribute the cement, comprises a head with a double valve placed at the 
lower part of the preform, and suitable for selectively distributing an inflating fluid inside the 
25 preform and a fluid cement outside it. 

The drilling and lining installation, which is also a part of the present invention 
and is used to implement this process, is notable in that it comprises, at the well head: 

- a spool for storing and receiving the preform, in coiled form; 

- a head that hangs over the entry to the well, suitable for allowing the preform 
30 and the various tools for drilling, as well as for the inflation and polymerization of the preform, to 

be guided and inserted into the well; 
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- spools for storing elastically deformable metal pipe in coiled form, suitable for 
lowering and raising said tools in the well, with one of these pipes containing a wire used to 
provide the preform with electrical current; 

- an electric current generator. 

5 Other characteristics and advantages of the invention will appear from the 

description and appended drawings which represent, by way of non-limiting example, one 
preferred embodiment, as well as the corresponding installation. 
In these drawings: 

- figures 1 to 4 are diagrammatic views, in axial cross section, showing the 
10 various stages of the drilling operation in the part of the well that receives the preform; 

- figure 5 is a diagrammatic view of a preform and of the tooling to which it is 
attached, before being placed in the well; 

- figures 6 and 7 are partial view of the lower end of the preform, intended to 
illustrate the principle of the double valve with which the tool head is fitted; 

15 - figures 8 to 15 illustrate the different steps to install a preform at the end of a 

section already in place; 

- figure 16 diagrammatically represents, in axial cross section, a well lined with 
three coaxial ly abutted sections; 

- figure 17 is a diagrammatical view showing the different materials that 
20 comprise the installation, located at the surface (well head); 

- figures 18 to 30 — on a smaller scale — illustrate the operation of the installation 
during the different steps of the lining process. 

Figure 1 represents the lower end of a vertical well being bored and lined. This 
well, incompletely drilled, has a lining already in place in the form of a rigid cylindrical pipe 2 
25 having one enlarged lower end 20. 

The diameter D of this part 20 is slightly larger than the diameter d of the main 
part 2, so the sections 2 can be nested together with overlapping of the end parts 20. 

The lining section 2 is sealed in the well by a peripheral cement 200. 
We shall now describe how the next section, intended to abut the section 2, will 
30 be installed with the aid of the process according to the invention. 
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To do this, as illustrated in figures 1 to 4, a hole intended to receive this section is 

drilled. 

For this purpose, a drill bit 1 is used, which has the special feature of being able 
to be radially expanded or retracted in three configurations of different overall dimensions. 
5 In a first condition, illustrated in figure 1, the tool is fully retracted so that its 

largest transversal dimension allows it to pass freely inside the section 2. 

In this condition, its overall dimension is therefore smaller than D. 

In a known way, the drilling tool 1 is attached to the end of a tubular shank 10, 
which carries the motor (not shown) to drive the tool in rotation, and the components that provide 
10 for its radial deployment or contraction. 

As will be seen further on, the shank 10 is mounted on the end of a metal tube 
suitable for being coiled onto a receiving drum placed on the surface at the well head. 

In a second condition of radial deployment, illustrated in figure 2, the cutting part 
12 of the tool has a working diameter substantially equal to D. 
15 When the tool has been axially lowered into the well through the casing 2 already 

in place, it is radially deployed to the diameter D when it reaches the inside of the enlarged 
portion 20. The tool is then caused to rotate while continuing its descent as illustrated by the 
arrow F, in figure 1 . 

A cylindrical hole with the diameter D, coaxial to the section 2, is thus drilled in 

20 the ground S. 

The drilling depth corresponds to the length of the section to be installed. 

The tool 1 has additional cutting devices 1 1 that can be radially deployed to a 
diameter greater than D, in order to be able to receive the enlarged portion of the section the be 
put in place. 

25 As illustrated in figure 3, by raising the tool in the direction F 2 , the hole 3 is 

enlarged for a certain distance. 

In figure 4, reference 30 designates the wall of the main part of the hole 3, 

reference 31 the wall of the expanded portion, and reference 32 the bottom of the hole the 

diameter D of which is the same as that of 30. 
30 The preform 4, represented diagrammatically in figure 5, is of the same general 

type described in detail in WO-A-94/21887 cited above. 
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However, because this is a blind hole, the preform has no inflatable plug at its 
bottom; moreover, the preform 4 has a lower end 40 with expanded cross section. 

The preform 4 is supported by steel tubing 5 that can be coiled onto a storage 
drum located at the surface, which makes it possible to lower the preform into the well and to 
5 supply the cementation and inflation fluids, as well as the electrical energy for the polymerization 
of the preform, by means of a connection device 500 connected to a central conduit (axial) 50 
arranged inside the preform and connecting at the bottom thereof to a distribution head 51. 

This type of steel tubing which can be formed into coils is currently known in the 
art by the English term "COILED TUBING," abbreviated "C.T." 
10 Like the one cited in WO-A-94/21887 already cited, the preform is plugged and 

sealed at its upper and lower ends by sleeves that can be torn off or cut off at the end of the 
operation. 

The distribution head 51 has a double valve 52, 53 that can be selectively 

activated (from the surface). 
15 As illustrated in figures 6 and 7, the valve 52 allows an inflation fluid to be 

distributed inside the preform (arrows I), while the valve 53 allows a fluid cement to be 

distributed at the base of the preform, outside of it (arrows J). 

As illustrated in figure 8, the preform 4 — which is initially radially folded — is 

lowered axial ly into the hole 3, from top to bottom, through the section of lining 2 already in 
20 place. 

For this to be possible, of course, the transverse size of the folded preform must 
be smaller than the inside diameter of the unfolded preform, which corresponds to that of the 
casing 2 already in place 

When the preform is folded onto itself, it has a U-shaped or spiral cross section, 
25 as illustrated for example in figures 6A and 6B, respectively, of document WO-A-94/25655; 
when it is unfolded, it has a circular cross section. 

The preform 4 is positioned in the hole 3 so that its larger end 40 is facing the 
enlarged portion 31 of the well; the length of the hole 3 is determined so that, in this position, the 
upper portion of the preform is facing the widened part 20 of the casing already in place. 
30 A dose of liquid cement 6 is then injected at the base of the preform through the 

valve 53 (arrows J, figure 9). 

The cement is selected to have a density close to — even slightly greater than— 
that of the liquid mud 7 found in the well. 
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When this cement arrives at the base of the preform, it forces the mud toward the 

top. 

As illustrated in figure 10, the preform is then inflated by injecting a fluid under 
pressure into it, through the valve 52 (arrows I). 
5 This can be either a liquid introduced from the outside (from the well head) 

through the conduit 5 in the preform, or a liquid (water, mud or oil) already present in the well 
and pumped into the preform. 

The inflating liquid is advantageously selected to have a density slightly greater 
than that of the cement and mud surrounding the preform, so that the inflation occurs 
10 progressively from the bottom toward the top, as symbolized by the arrows H in figure 10. 

If not, the progress of the inflation from bottom to top can be controlled by 
providing a series of frangible containing rings that have a breaking point suitable for this 
direction of progression. 

The cement is therefore also forced from bottom to top against the wall of the 
15 well, as symbolized by the arrow H, while the mud 7 is forced upward. 

Preferably, there is not enough volume of peripheral cement to reach the top of 
the preform, in order to ensure a bonding without cement at the area of juncture between the end 
portions of the two sections 2 and 4 (see figure 11). 

Preferably, preform 4 has a resin wall that can be heat polymerized sandwiched 
20 between elastic internal and external skins, and provided, on the inner side, with a reserve 
containing resin that can migrate toward the outside to form ring-shaped flanges that help to 
anchor and seal the casing against the wall of the well. 

A preform of this type is described in the French patent application 94 08691, 
filed by the applicant on July 7, 1994, and in its international extension PCT/FR 95/00902. 
2$ These ring-shaped interlocks, distributed along the preform, are referenced as 9. 

Preferably, the interlocks are higher in density (i.e., smaller separation between the interlocks) at 
the upper and lower ends of the preform, in order to ensure a good seal in the end-to-end 
connection of the different sections. 

The heating and polymerization of the preform are done once the inflation is 
30 completed, the inflation pressure being maintained inside the preform. 
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By way of example, the internal pressure is approximately 15 bars. 

The preform can be heated by introducing a hot fluid inside it, or by exothermal 
chemical reaction, or preferably by induction, using electrical resistances (heating elements) 
arranged in the wall of the preform or in the proximity thereof, and supplied with electrical 
5 current from the well head via the coiled tubing 5. 

By way of example, the temperature needed for polymerization is approximately 
1 10° to 140°C, and the length of this stage is approximately six to eight hours. 

When the polymerization of the interlocks 9 and the preform wall is completed, 
and the cement 6 has set (figure 12), the tools 500, 50, 51 (arrow K, figure 13), are removed. 
10 A cutting tool (501) is then installed at the end of the tubing 5, and the sealing 

sleeve at the upper end of the preform (polymerized) 4 5 (figure 14), is cut off and removed. The 
lower sleeve is removed in the same way. 

A section of lining 4' is thus obtained, which coaxially extends the preceding 

casing 2 (see figure 15). 

15 The operation that has just been described is of course repeated, section after 

section, in order to obtain the desired depth of lined well. 

In one possible embodiment of the preform, it has a core composed of 30% 
epoxy resin and 70% fiberglass, this core having a thickness of about 14 mm; the internal and 
external skin of synthetic rubber have a thickness of about 2 mm and 6 mm, respectively. 
20 By way of example, the main portion of the preform 4 has, when unfolded, an 

inside diameter of about 140 mm and an outside diameter of about 184 mm, while the expanded 
portion 40 has an inside diameter of about 188 mm and an outside diameter of about 236 mm. 

The portions 30-32 and 31 of the well have average diameters of about 197 mm 
and 244.5 mm, respectively. 
25 The length of the different sections can obviously vary greatly; by way of 

example only, the length of a preform can be approximately 500 m. 

Figure 16 represents a well P lined with an assembly of three sections 2 A, 2B 
and 2C, abutted and cemented. 

Figure 17 diagrammatically represents a well head installation that allows the 

30 process according to the invention to be implemented. 

In this figure, the wellhead, reference 55, is equipped with a metal structure 
(frame) 100 surrounding the well head. 
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This structure 100 carries an injector 101 furnished with a drag brake 102, used 
to hold and push the different materials when they are lowered into the well or pulled out of it; it 
is in line with the entry to the well. 

The reference 54 designates a storage drum on which the preform is coiled; it is 

5 mounted on a tramcar. 

The reference 540 designates a support and guide plate for the preform at the 

entry to the well. 

The references 56 and 57 designate drums on which the C.T. (coiled tubing) 560 
and 5 are coiled and stored, respectively. 
10 The tubing 560 is used to hold and move the drill tool; the tubing 5 (as already 

mentioned) holds the preform, feeds the inflating and cementing fluids to the preform, and 
connects it to a source of electrical current (for the polymerization). 

The electricity is furnished by an electric generator 58. 
The reference 59 designates a control cabin for the operation. 
15 The entry to the well to be drilled is initially furnished in the conventional way 

with a casing 550. 

The drill bit 1 is fitted to the end of the tubing 560, which is uncoiled from the 
receiving drum 56, supported and guided by the plate 102, then pushed by the injector 101 (see 
figure 18). 

20 Drilling then proceeds to the multistage hole 3, which is to receive the first 

section (figure 19). 

After the preform is put in place, cemented and inflated, and when it has been 
polymerized in situ via an electrical conductor 580 connected to the generator 58, the central 
conduit (50) and the tubing 5 to which it is attached are removed, coiling it onto the drum 54 
25 (empty) on which the preform was initially stored (figure 20). 

The preform is abutted against and sealed to the casing 550. 

The hydraulic and electrical connections to the preform are then disconnected, 
and an appropriate safety device A is installed and sealed around the well head by a conventional 
technique (figure 21). 

30 Using a cutting tool 501 carried by the tubing 5, the top and bottom sealing 

sleeves are cut off (figure 22). 

The next step consists of drilling the next section to obtain a multistage hole 3 

extending the section 2 (figure 23). 
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Next, the diameters are measured and the alignment of the section 2 and the hole 
3 are verified using an appropriate instrument 1000 (figure 24). 

A new preform is then put in place (figure 25). 

It is lowered into the well and suitably positioned in the hole 3. It is then 
connected to the tubing 5, after which it is inflated, cemented and polymerized (figure 26). 

The central conduit 50 is removed by raising and coiling it onto the receiving 
drum 54 (figures 27 and 28). 

The cutting tool 501 is suspended from the tubing 5 and lowered to cut the end 

sleeves (figure 29). 

Two rigid, abutted sections 2A, 2B are thus obtained (figure 30). 
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10 

CLAIMS 

1. Process for drilling and lining a well, particularly oil well drilling, by means 
of a set of tubular sections — or preforms — that are similar, initially flexible, suitable for being 
folded longitudinally back on themselves in order to be inserted into the well, then radially 
unfolded under the effect of an internal pressure in order to take a cylindrical shape, and finally to 

5 be hardened in situ by polymerization of their walls, the maximum dimension of the overall 
transverse dimensions of a folded preform being substantially less at its inside diameter when 
unfolded, and said preforms (4) having an end portion (40) the diameter of which— after 
unfolding— is slightly greater than that of the preform, which makes it possible for them to be 
joined end-to-end by nesting, with overlapping of said end portion (40), characterized by the fact 

10 that a first section (2) having been put in place from the entry of the well, its enlarged end portion 
(40) turned downward, 

a) a drill tool (1) is passed axially downward through said section (2), and a hole 
(3) is bored with a shape and depth suitable for receiving the next section, beneath and as an 
extension of this section (2); 

15 b) the drill tool (1) is removed; 

c) a preform (4), in folded form, is inserted inside the well, causing it to pass 
through the section (2) already in place, and it is suitably positioned inside the hole (3), its top 
end being placed inside the enlarged end (40) of the section (2); 

d) a fluid cement (6) is introduced at the bottom of the hole (3), around the lower 

20 end of the preform; 

e) a fluid (8) with a density greater than the density of the cement (6) is 
introduced under pressure, inside the preform (4) in order to open it out radially, progressively 
from bottom to top, by forcing the cement, also from bottom to top, around the preform, against 
the wall of the hole (3); 

25 f) while keeping the preform under internal pressure, the wall thereof is heated 

to polymerize it; 

g) when the cement has set and the preform has hardened to constitute a rigid 
tubular section of lining (4 ? ), the tools that were used for inflation and polymerization of the 
preform, as well as the distribution of the cement, are withdrawn; 
30 h) the operation is repeated for the subsequent sections, until the desired depth of 

the lined well is obtained. 
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2. Process according to claim 1, characterized by the fact that a drill bit (1) is 
used that can selectively have three conditions of radial contraction, the first condition being of 
minimal size, allowing it to pass through the interior of the section (2) already in place, a second 
condition of intermediate size for drilling the main part (30) of the hole (3), and a third condition 

5 of maximal size for drilling the part (31) of the hole (3) intended to receive the enlarged portion 
of the preform (4). 

3. Process according to claim 1 or 2, characterized by the fact that said tool 
comprises a head (51) with a double valve (52, 53) placed at the lower part of the preform (4), 
and suitable for selectively distributing an inflating fluid (8) inside the preform (4) and a fluid 

10 cement (7) [sic] outside it. 

4. Drilling and lining installation, used to implement the process according to 
any of claims 1 to 3, characterized by the fact that it comprises, at the well head: 

- a spool (54) for storing and receiving the said preform (4), in coiled form; 

- a head (101) that hangs over the entry (55) to the well, suitable for allowing the 
1 5 preform (4) and the various tools for drilling, as well as for the inflation and polymerization of the 

preform, to be guided and inserted into the well; 

- spools (56, 57) for storing elastically deformable metal pipe in coiled form 
(560, 5), suitable for lowering and raising said tools in the well, with one (5) of these pipes 
containing a wire used to provide the preform with electrical current; 

20 - an electric current generator (59). 
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